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AMENDED CLAIMS 

1 . (previously presented) A method of improving the efficiency of synchronizing a clock 
signal for an integrated circuit, comprising: 

providing a clock input signal (CIN), an inverted clock input signal (CIN'), and a clock 
delay signal (CDLY); 

detecting a plurality of phases of CIN and CDLY based on timing conditions associated 
with CIN and CDLY; and 

selectively inputting CIN or ON* into a synchronous mirror delay (SMD) based on the 
phase of CIN and CDLY to reduce a number of delay stages in the SMD. 

2. (previously presented) The method of claim 1 wherein the timing conditions include a 
period of CIN (t<*) and a period from a rising edge in CIN to a rising edge in CDLY (t md i) ? and 
selectively inputting includes inputting CIN into the SMD when t md j > W2 and inputting CIN' 
into the SMD when t md i < t cfc /2 to reduce the number of delay stages in the SMD. 

3. (original) The method of claim 2 wherein the number of delay stages in the SMD is 
reduced substantially in half. 

4. (previously presented) The method of claim 2 wherein the SMD has a plurality of 
delay lines, and the number of delay stages in at least one of the SMD delay lines is reduced 
substantially to 59 from 128. 
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5. (previously presented) A method of improving the efficiency of synchronizing a 
clock signal for an integrated circuit, comprising: 

providing a clock input signal (CIN) 5 an inverted clock input signal (dN')> and a 
clock delay signal (CDLY), each signal having timing characteristics; 

interposing a phase detector and selection system between an external clock 
signal and a synchronous mirror delay (SMD); 

determining which of a number of phases the signals axe based on the timing 
characteristics; and 

selectively directing the signals based upon the phase of the signals. 

6. (previously presented) The method of claim 5 wherein selectively directing includes 
selectively directing CIN or CIN* to the SMD based upon the timing characteristics of CIN and 
CDLY. 

7. (previously presented) The method of claim 5 wherein selectively directing includes 
bypassing CIN or CIN' from the SMD based upon the timing characteristics of CIN and CDLY. 
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8, (previously presented) The method of claim 5 further including 
characteristics as a period of CIN as U and defining a period from a rising edge in CIN to a 
rising edge in CDLY as t m( ji, and wherein determining includes determining that the phases 
include: 

a first phase when t m ai > W2; 
a second phase when t m <ji < W2; 
a third phase when t m ai = t<k; and 
a fourth phase when Wi - W2 . 

9. (previously presented) A method of synchronizing a clock signal for an integrated 
circuit, comprising: 

providing an internal clock signal (ON), an inverted internal clock signal (CIN*), 
and a clock delay signal (CDLY) having timing characteristics; 

differentiating, with a phase detector, a plurality of phases based upon the timing 
characteristics of CIN and CDLY; and 

selecting, based on the phases, one of CIN and CIN' to be input into a 
synchronous mirror delay (SMD) thereby reducing a number of delay stages in the SMD. 
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1 0. (previously presented) A method of synchronizing a clock signal for an integrated 
circuit, comprising: 

providing an internal clock signal (CIN), an inverted internal clock signal (CIN'), 
and a clock delay signal (CDLY) having timing characteristics; 

determining a plurality of phases based upon the timing characteristics of CIN and 

CDLY; and 

for at least one phase, directing CIN' into a synchronous mirror delay (SMD) such 
that a reduced number of delay stages are achieved, 

1 1 . (previously presented) The method of claim 10 wherein the timing characteristics 
define a period of CIN as tc* and also define from a rising edge in ON to a rising edge in CDLY 
as tmdi, and directing occurs when t^ < W2. 
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12. (previously presented) A method of synchronizing a clock signal for an integrated 
circuit, comprising: 

a) providing an internal clock signal (GIN), an inverted internal clock signal (CEST), and 
a clock delay signal (CDLY) having timing characteristics; 

b) determining a plurality of phases based upon the timing characteristics of CIN and 

CDLY; 

c) for at least one phase, directing CIN' into a synchronous mirror delay (SMD) such that 
a reduced number of delay stages are achieved; 

wherein the timing characteristics define a period of CIN as t c k and also define from a 
rising edge in CIN to a rising edge in CDLY as Wi, and directing occurs when Wi < W2; . 

d) multiplexing an input with an input selection multiplexor to select whether to direct the 
CIN or CIN' into the SMD, based on the phase determined in the determining step; and 

e) multiplexing, with an output selection multiplexor, an output of the input selection 
multiplexor with a SMD output, the output selection multiplexor selecting whether to output, 
based on the phase determined in the determining step, the SMD output or CIN bypassing the 
SMD, as an input to a clock tree to generate an internal clock signal. 
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13. (currently amended) A memory dcvioo > comprising: 
a synchronous mirror delay (SMD); and 

frfhaso detector in electronic communication with th e SMD and comprioing: 
a&ans for r e c e iving a clock input signal (ON) and - a clock delay aienol 
ffiDLY), the CIN and CDLY each having tuning characteristics; and 

means for outputting a pair of bronchos each having a logical l e v e l, th e logical 
levels of the branches defining a plurality of conditionG based on the timing 
characteristics of CIN awl CDLY; - 

vvhoroin for at l e ast on e of the plurality of conditions, the memory d e vic e 
compris e s m e ans for roduoing a numb e r of d e lay stages for a selected signal to posa through th e 
SMD based on on e of th e plurality of oonditions . 

A memory devi ce, comprising; 

a synchronous mirro r delay (SMDV and 

a phase detector control block in elec tronic communication with the SMD. 
wherein th e phase detector control block receives a clock input signal (CTN\ an inverted clock 
input signal fCTN'I and a clock delay signal fCDLYY the CIN and CDLY sig nals each having 
timing characteristics, the phase detectOT control block detects a plurality of conditions based on 
the timing characteristics of the CIN and CDLY signals, and outputs a selected signal selected 
betweenihe CIN and CTN > signals and the CDLY signal to the SMD. the timing characteristics 
of the CTN and CDLY signals_are used to select the selected signal to the SMD to reduce a 
number of delay sta ges in the SMD for the selected signal passing through. 
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14. (previously presented) The memory device of claim 13 wherein the timing 
characteristics include a period of CIN defined- as tck and a rising edge from CIN to a rising edge 
in CDLY is defined as t m di; and 

a first phase is when tmdi > W2; 
a second phase is when tmdi < W2; 
a third phase is when tmdi = tck; and 
a fourth phase is when T mt ii - W2. 

15. (previously presented) The memory device of claim 1 4 wherein when tmdi < W2 the 
number of delay stages in the SMD is comparable to when t m di > W2. 

16. (previously presented) The memory device of claim 14 wherein the number of delay 
stages when tmdi < W2 is reduced by substantially one-half. 

17. (previously presented) The memory device of claim 14 wherein the number of delay 
stages when t md i < W2 is reduced from 128 to substantially 59. 
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18. (currently amended) A synchronous mirror delay system, comprising: 
a synchronous mirror delay (SMD); and 

a phag e d e tector in electronic communication with tho SMD and comprising: 

reea»9 f or rec e iving a clock input signal (CIN) and a clock dolay signal (CDLY), 

tho CIN and CDLY oaoh having timing characteristics; and 

^eans for outputting a pair of branches each having a logical l e vel, th e logical 

lovols of the branches defining a plurality of conditions bas e d on tho timing charact e ristics 

of CIN and CDLY 

wh e rein fo r at least one of th e plurality of conditions, the syst e m comprises 
means for roduoing a number of delay stages for a s clcctod signal to pass through th e T 
SMD based on one of tho plurality of conditions, the timing characteristics dcfinc-a 
period of CIN as t^ and also d e fin e a period from a rising edge in CIN to a rising odgo 
in CDLY 5 54 ^ and the plurality of conditions include: 

a firs fr phoflo wheiH »dr>^fc/5j 

a se cond phas e whea4^-<-W2i 

a third phas e when t m^^t ^ - an d 

moans for reducing the number of dalay stag e s in th e s e cond; and 
means for CIN to bypass tho SMD in the third and fo urth phas e s, 

A synchronous mirror delav system, comprising: 

a synchronous mirror delay fSMDV and 

a phase_dstector control block in electronic communi cation with the SMIX 
wherein the phase detector control block receives a clock input signal ( CDMY an 
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inverted clack Uipiit signal f CN'Y and a cloc k dglny signal TCDT Y\ the CIN and 
CDI ,Y signals each having tiding character istics, the phase detector control block 
detects a plurality of conditions based ^ til" ^™™f» ^™**»"qtfcs " f *he CIN and 
CDLY signa ls , and outputs a selected signa l selected between the CIN and CIN.I 
c ^ a 1 g and th« CDT Y signal tn the SMD. the tirnin Pl characteristics of the CIN apd 
CDT Y sign als are used to select the seated signal to the SMD tn reduce a number of 
delay stages in the SMD for the selected si gnal passing through, the timing 
characteristics define a period of O N as tr] 7 aTlH a!gr> dfW ft period from a rising edge 
in CIN to a rising ed ge in CDLY as t^j, and the plurality of ^nHitinns include: 
a first phase w hen t ^ > t#/2j 



a fourth phase whecLL^ i ~ W 2 ' 

wherein the phase detector control block selec ts the selected signal such that 
the number of delay stages in the second phase is reduce d and the selected signal is the 
CIN si pnal bypassing the SMD in the third an d fourth phases. 



a second phase when < 
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19. (currently amended) A synchronizing circuit for use with on integrated circuit, 
comprising: 

on input buffer comprising means for r e ceiving on cjetomal olock signal to 
produce a olock input signal (CIN), an inv e rt e d clock input signal (CINQ, and a clock d e la y 
signed (CDLY)^ oaoh having timing characteristics,- 

a synchronous minor delay (SMD) having a measur e m e nt dolay lino input for 
connootion to a measurement d e lay lino, a measurement delay line output connected to a variabl e 
dolay line input for o o nnoction to a variablo delay lin e , the variabl e delay line including a 
variablo delay lin e output; and 

a phas e detector disposed b e tween the input buffer and the SMD, the phase 
detector having a first input means for receiving the CIN, a s e cond input means for receiving-tke 
(SDL, m e ans for g e nerating one of a plurality of output signal combinations, oaoh combination 
corresponding to a phase of the CIN and CDLY signals baaed on the timing characteristics, 
moans for connecting a CDLY SMD input to the measurement dolay lino input, m e ans for 
conn e cting a SMD output connected to the variable delay l ine output, and a circuit selectiv e ly 
inputting CIN or CIN" as a CIN SMD input based on the phase of the signals, wherein for at least 
on e of th e phas e s, a number of delay stag e s is reduced for the cirtcrnal clock signal to pass 
through tho SMD. 

A Rynchrnnizi np; ci rcuit for use w ith an in te prated circuit, comnrising: 

an input buffe r for receiving an external clock signal to produce a clock input 
signal fCIN\ an inverted clock input signal fCIN'V and a clock delay signal fCDLYV gach 
having timin ft characteristics: 



932523.1 

12 



PAGE 12/20 1 RCVD AT 4/28/2004 1:14:05 PM [Eastern Daylight Time] * SVR;USPTO«EFXRF-3/24 1 DN1S:2731748 ' C8ID:414 224 5834 1 DURATION (itiims):0448 



W, H, D. 



il013 



USSN0W2IJ514 Patent Response 

a synchrono us mirror delay (SMD) hav ing a measurement delay line input, a 
variable delay line input and a variab le delay line output: and 

a phase detecto r control block disposed between the input buffer and the SMD. 
the phase detector having a first innut for receiving the CIN. a second input for receiving the 
CDLY and a third input for receiving: the CTN\ wh ^m th* phase detectoT control block detects 
a plurality of conditions based on the timing characteristics o f the CTN and CDLY signals, and 
outputs a selected signal selected between the CIN a nd CIN' signals to the variable delay line 
input and the CDT,Y signal to the measurement delay line i nput, the timing characteristics of the 
CIN and CDLY signals are used to select the selected signal to the variable delay line inputto 
reduce a number of delay stages in the SMD for the external clock signal passing through. 

20. (previously presented) The circuit of claim 19 wherein the timing characteristics 
define a period of CIN as tdk and also define a period from a rising edge in CIN to a rising edge * 
in CDLY as Wi, and when t md i < W2, CIN' is input into the SMD and when t^ > W2 CIN is 
input into the SMD. 

2 1 . (previously presented) The circuit of claim 20 wherein the number of delay stages in 
the SMD when Wdi < W2 is reduced. 

22. (previously presented) The circuit of claim 20 wherein the number of delay stages in 
the SMD when t m(J i < W2 is reduced from 128 to substantially 59. 



23-25. (canceled) 
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26. (currently amended) A system, compTioing: 

a phase dotoctor comprising moano for rccoiving a clook input signal (CIN) and a 
clock dolay signal (CDLY), each pignal having timing conditions, and means for generating a 
p lurality of output signal combinations, oach combination based upon the t imin g conditions; and 

logio in e l e ctronic communication with the phase dotoctor to sel e ct pno of th e 
output signal combinations eorrooponding to the timing conditions of the signals* 

wherein the system selectively feeds CIN o r- an inv e rt e d clock input signal (C1>P) . 
into a synchronous minor dolay ("SMD") based upon th e plurality of output signal combinations 
to r e duc e a numbor of d e lay stages for a solcctcd signal to pass through the SMB. 

a synchronous mirror delay fSMD^ and 

a phase detector control h\nr\c in glectronic communication with the SMD, 
wherein the phase detector control block comprises a phase detec tor r a logic circuit, and 
multiplexers- whereinJhe phase detector control block receives a clock input signal (CIN\ an 
inverted clock innut signal TCIN'V anH a dor* Helav signal fCDLYY the CIN and CDLY signals 
each having timin g characteristics, the phase detector control b lock detects a plurality, of 
conditions b asnd on the jjarin&jeh^ of the CIN and CDLY signals, and outputs a 

selected signal selected between the CTN and CIN' signals and the CDLY signa l to the SMD, the 
timing characteristics of the CIN and CDLY signals are use d to select the selected signal to the 
SMD to reduce a numbe r of df-lav sta pes in the SMD for the s elected signal passing through. 
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27. (previously presented) The system of claim 26 wherein the timing characteristics 
include a period of CIN defined as tck and a rising edge from CIN to a rising edge in CDLY is 
defined as t^; and the phases include: 

a first phase when tmdi > U\J2\ 
a second phase when tmdi < W2; 
a third phase when t^i = t*; and 
a fourth phase when tmdi ~ W2. 

28. (previously presented) The system of claim 27 wherein the number of del ay stages is 
reduced. 

29. (previously presented) The system of claim 27 wherein the number of delay stages is 
reduced substantially by one-half. 

30. (previously presented) The system of claim 27 wherein the number of delay stages 
in the SMD when t^i < W2 is reduced from 128 to substantially 59. 

31-33. (canceled) 
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34. (currently amended) A system, comprising: 
a processor; 
a memory controller; 
a plurality of m e mory devices; 

a first bus interconnecting tho proc e ssor and memory controll e r; 

a-s econd bug interconn e cting the memory controller and th e plurality of memory 

doviooo; 

each of tho memory d e vic e s having: 
a synchronous mirror d e lay (SMD); 

a-ph ase d e t e ctor comprising m e ans for receiving a clock input signal (CIN) and a 
clock delay signal (CDLY) ? each signal having timing conditions including a period of CIN (W 
e ad a p e riod from a ri s ing edge in CIN to a rising edge in CDLY (W); and means for generating 
a plurality of output signal combinations, each combination corresponding to phas e s of th e 
signals based upon tho timing c o nditions; and 

l ogic in electronic communication with tho phase detector to select ono of the 
output signal combinations corresponding to th e timing conditions of th e signals to input CIN 
into th e SMD when W r*- W2 and input CIN' into the SMD when W ^ W2 to roduoo a number 
of delay stag e s in th e SM S? 

A system, comprising: 

processor: 

a memory controller: 

a plurality of memory devices: 

a first bus inter n nectinq the processor and memory controller 
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, 0 ,>™tiH hug infeTCOTmecting fr» ^^ry ftftntrnller and the nluralitv of memory 



devices; 



each of the memor y devices having: 
asynchronous mirror dela y f SMD): and 

a phase detector control block ir AW trnmr r.nmrm mi cation with the 
wherein the p^age detector control block comprises a phase d etector a logic circuit and 
multiplexers , wherein the nhase detector control block r eceives a clock input signal fCINl an 
inverted clock inmit sign? * f^TM 7 ), » drlav sifmal fCDLYL the CIN and CDLY signals 
each havinp ; timing characteristics^lie_j3ha5e detector control block detects a plurality of 
conditions based on the timing characteristics of the CIN and CDLY signals, and outputs a 
Qfrl^H Qtf rnal fleered be tween the CTN and CIN' signals and the CDLY signal to the SMELihe 
timing characteristics of the CIN and CDLY signals are used to select the selected signal to the 
SMD to reduce a number of delay stages in the SMD for the selected signal passing through. 



35-8 L (canceled) 
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